A New Property of “Complete” Antigen O of Gram-Negative Bacteria: Its Specific Protective Effect on the Sensitivity of Staphylococcus Aureus to Penicillin † by Zablocki, Bernard & Holt, Stanley C.
BERNARD ZABLOCKI* Department of Microbiology,
STANLEY C. HOLT* * Yale University School of Medicine
A NEW PROPERTY OF "COMPLETE" ANTIGEN 0 OF GRAM-NEGATIVE BACTERIA:
ITS SPECIFIC PROTECTIVE EFFECT ON THE SENSITIVITY OF
STAPHYLOCOCCUS AUREUS TO PENICILLINt
Zablocki et aL5'8'9"10 have established that antigen 0 preparations isolated
from bacilli of the family Enterobacteriaceae have a protective effect on the
sensitivity to penicillin of gram positive bacteria (Staphylococcus aureus,
Staphylococcus albus, Streptococcus pyogenes, Corynebacterium diph-
theriae, Sarcina lutea, and Diplococcus pneum.oniae). The results of the
considerably expanded investigation form the basis of the present communi-
cation.
MATERIALS AND METHODS
The antigen 0 was isolated from two smooth strains (HZ,U) of Escherichia coli
employing the methods of Boivin,' Zablocki,' Morgan,' and Westphal.' A commercial
preparation of E. coli (Difco, bacto-lipopolysaccharide) was also used.
The method of Zablocki for the isolation of the 0 antigen is as follows. A heavy
bacterial suspension (5x1010 cells) is washed three times in distilled water and then
suspended in water to the original volume. This suspension is frozen at -20° C. for
16 hours and then thawed at 37° C. for 8 hours. This procedure is repeated 15-20 times.
The resulting autolysate is then centrifuged (8,000 rpm.) for one hour and the sedi-
ment discarded. The supernatant is filtered through a bacterial filter (Chamberland I.4
followed by Ls). To the opalescent filtrate after dialysis approximately 10 volumes
of 95 per cent alcohol and 5 ml. of a saturated solution of NaCl are added. The
resulting sediment (denatured protein and 0 antigen) is dried in vacuum over P205.
The dried material is ground in a mortar with the gradual addition of distilled
water to 100 ml. (denatured protein not going into solution). After centrifugation at
8,000 rpm. for 30 minutes, the sediment is discarded and the supernatant containing
the 0 antigen is lyophilized dry.
Staphylococcus aureus strain NHL is highly sensitive to the action of penicillin
(inhibitory dose = 0.048 units/ml.).
Antibiotics used in the experiments were penicillin G, bacitracin, vancomycin,
staphcillin, and kanomycin.
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Protective effect technique. To each of 15 Wassermann tubes 0.5 ml. of a suspension
of 200,000 cells/ml. of Staphylococcus aureus NHL was added. Then, 0.5 ml. of the
proper sterile 0 antigen dilution was added, and the resulting mixture incubated for
1 hour at 370 C. After incubation, 1.0 ml. portions of pencillin G, serially diluted
(200 units to 0.01 units/ml) in Difco nutrient broth, were added to tubes 1-14.
Tube $15 was a control lacking penicillin. A second control consisted of a row of
TABLE 1. PROTECTIVE EFFECT OF ANTIGEN 0 ON Staphylococcus aureus (NHL)
AGAINST PENICILLIN G
Tube number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Penicillin G
units/ml.* 100 50 25 12.5 6.25 3.1 1.5 0.7 .39 .19 .09 .04 .02 .01 control
Zablocki antigen
prep. 1 -+ + + + + + +++ + + + + +
prep. $2 + + + + + + +++ + + + + +
Boivin antigen
prep. #1 + + + +
prep. $2 + + +
Morgan antigen
prep.1+++ + + + + +
prep. #2 -
Westphal antigen
prep.$1 + + + +
prep. #2 + + +
Difco antigen + + +
Control + + +
* Final concentration.
- No growth.
+ Abundant growth after 24 hrs. at 370 C.
± Weak to no growth.
Final concentration of antigens are 0.1 per cent.
15 tubes, each containing 0.5 ml. of saline in place of the antigen. The results of
bacterial growth were read after 24 hours' incubation at 370 C. All procedures were
performed under sterile conditions.
When the solution of antigen 0 was highly opalescent, determination of growth was
carried out in the following medium: nutrient broth, 1 per cent dextrose, and brom
cresol purple as an indicator. A change in indicator color from purple to yellow
denoted growth.
RESULTS
The results of the comparative investigation of the protective activity of
the various preparations of the 0 antigens are presented in Table 1.
459YALE JOURNAL OF BIOLOGY AND MEDICINE
From the data in Table 1 the following conclusions can be made:
1. Both of the preparations after Zablocki are highly effective in protect-
ing S. aureus NHL against the action of penicillin. It can be seen that an
inhibitory dose of 100 units per ml. was required as compared with 0.04
units per ml. for the control without antigen 0.
2. Of the two preparations of antigen 0, after Morgan, only the first
proved effective in the protection of the bacterium against penicillin; the
activity, however, was much below that of Zablocki's antigen.
TABLE 2. MINIMUM PROTECTIVE DOSE ZABLOCKI ANTIGEN 0 ON
Staphylococcus auireuts AGAINST PENICILLIN
Inihibitory dose
Penicillin*
0.0976
0.0976
0.0976
0.195
1.56
6.25
25.0
25.0
50.0
50.0
100.0
Inihibitory dose
Conttrol dose
1
1
2
16
64
256
256
512
512
1024
* Penicillin-units/mi.
** Control dose.
3. The preparations of the 0 antigens after Boivin, Westphal, and Difco
showed no protective effect on S. aureus NHL against penicillin.
The minimum protective dose of the antigen 0 after Zablocki is pre-
sented in Table 2.
The protective activity of the 0 antigen appears only against penicillin,
and is therefore highly specific (Table 3). It is interesting to note that
antigen 0 shows no protective activity against "Staphcillin," a synthetic
penicillin which has been shown to inhibit the growth of staphylococci
which are resistant to the action of penicillin.
Other antibiotics (streptomycin, erythromycin, aureomycin, terramycin,
and chloromycetin) were also investigated by Zablocki et al.5 and were
shown to be unaffected.
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Conc. antigen
(tAg/ml.)
No antigen
15.6
31.25
62.5
125.0
250.0
375.0
500.0
625.0
750.0
1000.0
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The mechanism of the protective activity of the 0 antigen. In a previous
paper Zablocki and Rolicka8 have shown that there is no direct effect of
antigen 0 preparations from gram negative bacteria on penicillin itself. It
is thus postulated that the mechanism for the protective activity of the
0 antigen against the action of penicillin on Staphylococcus aureus is due
TABLE 3. SPECIFIC PROTECTIVE EFFECT OF ANTIGEN 0
Tube number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Antibiot. conc.
(Mgm/ml.) 625 312 156 78.1 39 19 9.7 4.8 2.4 1.2 0.6 0.3 0.1 0.07 control
Antigen +
Bacitracin* _ _ + + + +
Control** - - . _ + + +
Antigen +
Vancomycin. - _ + + +
Control** _ _ + + +
Antigen +
Staphcillin _ + + + + +
Control** - _ _ _ + + + + +
Antigen +
Kanomycin . + +
Control**. - - _ _ _ + +
Penicillinz conc.
units/Iiil. 100 50 25 12.5 6.2 3.1 1.5 0.7 0.3 0.1 .09 .04 .02 .01 control
Antigen - + + + + + + + ++ + + + + +
Control** + + +
* Units /ml.
**Appropriate control without antigen.
to the "coating" of the surface of the bacterial cell with molecules of the
antigen. This coating presumably causes an inhibition in the transport of
the antibiotic across the surface of the sensitive cell. It is also thought that
the surface of the gram positive cell has some chemical affinity for the
0 antigen, and is able to absorb this from solution. In support of the above
postulated mechanism are the following experiments and results:
1. After incubation of staphylococci for one hour at 370 C. with antigen 0
after Zablocki, the cells were centrifuged for two hours and then washed
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with 0.85 percent NaCl. The cells were found to preserve their resistance
to penicillin, as is shown in Table 4.
2. An estimation of the total carbohydrate concentration (Anthrone
Method) in the supernatants, after incubation at 370 C. and centrifugation
of the staphylococcus cells mixed with antigen 0 (after Zablocki), showed
that a significant amount of the antigen was removed from solution (Table
5). Since there is a small quantity of carbohydrate in the control tube
(#4), one must subtract this from the amount of total carbohydrate in the
test tube (#1).
TABLE 4. EFFECT OF WASHING AND CENTRIFUGATION UPON RESISTANCE OF
Staphylococcus aureus "COATED" WITH ANTIGEN 0 OF ZABLOCKI
Tube number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Penicillin G
units/ml.* 100 50 25 12.5 6.2 3.1 1.5 0.7 0.3 0.1 .09 .04 .02 .01 control
Staph. + antig.
(centr. &wash) ng ng G G G G G G G G G G G G G
Staph. + saline
(centr. &wash) ng ng ng ng ng ng ng ng ng ng ng ng G G G
* Final concentration.
ng-No visible growth.
G-Visible growth.
DISCUSSION
The results of this series of experiments raise the question of the existing
differences among the various preparations of the 0 antigens. The chemical
structure of the native antigen 0 in the bacterial cell wall is as yet not
known for any species. By diverse chemical methods of extraction and puri-
fication, many investigators have been able to obtain 0 antigens or lipopoly-
saccharides which appeared to be different in their chemical properties, but
preserved their serological (bound with the polysaccharide moiety) and
toxic activities. Goebel et al.1 have found that the toxin component T is
bound with the protein or polysaccharide, depending upon the method of
hydrolysis. Westphal7 concludes that the toxic and pyrogenic activities are
caused by lipid A.
From the five different preparations of the 0 antigen, as mentioned
above, only the ones isolated after Zablocki or Morgan protect antibiotic-
sensitive gram positive bacteria against penicillin, although not against a
variety of other antibiotics.
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It is hypothesized that the natural resistance of the gram negative bacilli
against the action of penicillin is probably due to the chemical structures of
their surfaces, which contain, as we know, the antigen 0. Thus, the transfer
of this antigen 0 from solution to the surface of the gram positive bacteria
makes the latter also resistant to the action of the penicillin.
We propose to differentiate two types of antigen 0: (i) "complete"
antigen 0 of Zablocki and Morgan which, upon being absorbed by the
TABLE 5. TOTAL CARBOHYDRATE IN SUPERNATANTS
Tube number 1 2 3 4
Zablocki antigen
(0.2 per cent) S ml. 5 ml. 5 ml.
Staph. suspen.
5.0 x107 5 ml. - - 5ml.
E. coli suspen.
5.0 x 107 5ml. -
Control-saline
(0.85 per cent) - - 5 ml. 5 ml.
Total (CH20) x
(/g./ml.) 125 165 160 10
*Total (CH2O) x
(jg./ml.) 115 0 160
* Corrected = Tube 1 minus Tube 4.
staphylococcus cells normally sensitive to penicillin, are able to protect the
cells from penicillin action; and (ii) "incomplete" antigen 0 of Boivin,
Westphal and Difco Labs, which have lost their activity for penicillin pro-
tection during the process of chemical extraction and purification. For the
demonstration of this quality of "completeness" of the antigen 0 prepara-
tion the method that has been described in this paper may be useful.
The surface of the typical gram positive cell is quite different, physico-
chemically, from that of the gram negative cell (Dubos3). On the basis of
our investigations we can say that the surface of the gram positive bacteria
shows a definite chemical affinity for the components contained in the
"complete" 0 antigen. This affinity is different for different species of the
gram positive bacteria (Zablocki et al.5).
It can thus be concluded that the antibiotic protective effect of the "com-
plete" 0 antigen is due to the following:
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1. The completeness of the 0 antigen, and
2. The degree of chemical affinity of the surface of gram positive bacteria
for the 0 antigen.
SUMMARY
From the data that have been presented in this paper, as well as in pre-
vious reports,"'8'9'10 the following can be concluded:
1. One must distinguish two types of 0 antigen: a) "complete" antigen
0, which seems to be chemically near to that of the native antigen in the
cell wall and has the activity of protecting the gram positive bacteria against
the action of penicillin; and b) "incomplete" antigen 0, which, during the
process of chemical extraction and purification, has lost the ability to pro-
tect the cells against penicillin.
2. From the five investigated preparations of antigen 0 only those
isolated by the methods of Zablocki and of Morgan have preserved their
protective activity, and therefore can be referred to as "complete" antigen.
3. The protective activity of the "complete" antigen 0 is highly specific
against penicillin but not against the other antibiotics examined.
4. The mechanism of the protective activity of the 0 antigen depends
upon two factors: upon the completeness of the antigen and upon the
absorbing ability (chemical affinity) of the surface of the penicillin-sensitive
gram positive bacteria for the "complete" 0 antigen.
5. The natural resistance of the gram negative bacilli against penicillin is
probably bound with the chemical structure of their surface which contains
the complete 0 antigen.
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